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Dementia is a severe, age-related syndrome characterized by progressive cognitive decline leading to loss of autonomy and death. Due to the aging of the general population, the burden from dementia is expected to increase. Current projections predict that by 2050, the number of people living with dementia could increase to 131.5 million (1) . Studying secular trends in dementia has thus become of major interest over the past few years. A promising trend toward a decline in the prevalence and incidence of dementia over recent decades has been reported in several studies (2) (3) (4) (5) (6) (7) (8) (9) . However, these studies all contained methodological weaknesses that may have biased the reported results, such as differential attrition and mortality rates, or changes in the diagnostic criteria for dementia. Moreover, hypotheses explaining a decline in dementia frequency are based on changes in modifiable risk factors across decades (10, 11) , such as educational level, vascular factors, or healthier lifestyles. However, in the few studies in which the role of these risk factors in dementia decrease was analyzed, researchers could not fully explain the observed decrease (8, 9) .
A closer examination of the 2 main components of the disease over time, cognition and disability, could provide a better understanding of the mechanisms involved. Different determinants may affect cognition or function at different periods of life and may differentially affect cognitive domains. Indeed, education may alter cognition early in life, whereas vascular risk factors may influence cognition only during midlife or after 65 years of age. Moreover, a major advantage of studying secular trends in cognition instead of secular trends in dementia risk is that trends in cognition cannot be biased by changes in diagnostic criteria. Secular trends in level and decline of cognitive performances have been studied. If the level of cognitive abilities has been consistently shown to improve over generations, results regarding the rate of cognitive decline are more conflicted. Improvements in the rate of cognitive decline between generations have been reported in some studies (12) (13) (14) , whereas more profound decline in later generations (15, 16) or similar rates of decline between generations (17, 18) have been reported in others. These inconsistencies may be due to methodological issues that arise when studying secular trends, such as differential representativeness between 2 birth cohorts, differential attrition and mortality rates, and insufficient follow-up duration. For example, death rates have regularly evolved between generations (19) . Moreover, because dropout is closely related to cognitive performance, differential dropout rates may bias comparisons. To date, to our knowledge, studies published on cognition have not fully considered these issues.
In this study, we used the following approach to analyze secular trends of cognition and disability: the same cohort was studied to limit differences in participation rates, and joint modeling was applied to account for attrition over the follow-up period. We compared 2 generations of elderly people from the French populationbased Personnes Agées Quid (PAQUID) Study in the same age group, 10 years apart, who were followed for 12 years. In addition, we evaluated the extent to which trends of cognition and disability were influenced by the evolution between generations attributed to determinants such as education or vascular factors.
METHODS

Study population
This study was based on the PAQUID cohort, a prospective, population-based cohort consisting of a representative sample of 3,777 participants in the departments of Gironde and Dordogne (southwest France), who were randomly chosen from the electoral rolls in 1988-1989. There were 3 inclusion criteria: age at least 65 years by December 31, 1987;  living at home at the time of the initial data collection phase; and the provision of informed consent for study participation. Participants were followed for 25 years with follow-up at 3, 5, 8, 10, 13, 15, 17, 20, 22 , and 25 years after the baseline evaluation. Of the 5,554 persons selected, 3,777 (68%) agreed to participate in the study. Full details of the PAQUID study have been described elsewhere (20) . A standardized questionnaire assessing sociodemographic, medical, cognitive, and functional data was administered at each participant's home by trained neuropsychologists during face-to-face interviews, at baseline, and at each follow-up session. An ethical review committee approved the PAQUID study.
Temporal trends in cognition were studied 10 years apart. To avoid the first-passing effect inherent to cognitive tests (21), we did not include the baseline evaluation. Thus, 2 generations were selected and compared as follows (Figure 1 For each of these 2 generations, the 12 subsequent years of follow-up were analyzed. The third-year follow-up for G1 and the 13-year follow-up for G2 will henceforth be referred to as the baseline for G1 and G2, respectively. For each generation, participants with prevalent dementia at baseline (for G1, n = 98, 13.8%; for G2: n = 89, 12.4%) were excluded to investigate the global evolution in an initially dementia-free population. We previously demonstrated that the clinical diagnosis of dementia has changed over time (8) ; therefore, these prevalent cases were excluded on the basis of an algorithmic diagnosis (Mini-Mental State Examination (MMSE) score <24 and disability for at least 2 of 4 activities of the 4 Instrumental Activities of Daily Living (4-IADL) scale: telephone use, transportation, medication, and finances). The final study population thus consisted of 1,238 subjects: 612 in G1 and 626 in G2.
Adjustment factors
The demographic factors evaluated included age, sex, educational level (divided into 5 categories: no diploma, primary school, short secondary school, long secondary school, and validated higher education), occupation (7 classes: farm workers and managers, domestic service employees, blue-collar workers, craftsmen and shopkeepers, other employees, intellectual occupations, and housewives), and living status (alone or T15  T0  T3  T5  T10  T17  T25  T13  T8  T20  T22 Age not). Medication use was recorded at baseline and antihypertensive, antidiabetic, and lipid-lowering drugs were controlled for in the present study and used as proxies for cardiovascular diseases, diabetes, and hypercholesterolemia, respectively.
Cognition and function assessment
At baseline and at each follow-up, participants underwent a complete cognitive and functional evaluation. Cognition was evaluated using 4 cognitive tests: 1) MMSE (22) , assessing global cognitive functioning, with scores ranging from 0 to 30; 2) the 15-second version of the Isaacs Set Test (IST) (23), assessing semantic verbal fluency; 3) the Benton Visual Retention Test (BVRT) (24) measuring visual working memory, with scores ranging from 0 to 15; and 4) the digit symbol substitution test (DSST) (25) , evaluating executive function and processing speed; this test was conducted at each follow-up except the 3-year follow-up. Higher cognitive scores indicated better cognitive performances.
Functional abilities were evaluated using 4-IADL scale: the ability to use the telephone, transportation, responsibility for medications, and the ability to manage finances. These 4 activities assess cognitive-specific functions and are most highly correlated to cognitive impairment (26) and to predict incident dementia (27) . For each activity, 3-5 different levels of disability were assessed. In this study, participants were considered disabled for the activity at the less-severe level. Disability was evaluated as a binary outcome, indicating whether the participant was disabled for more than 1 activity out of the 4. and Student t tests were used to compare the 2 generations in terms of sociodemographic characteristics; MMSE, BVRT, IST, and DSST scores; 4-IADL disability at baseline; and the intake of 3 specific drug categories (i.e., antihypertensive, antidiabetic, and lipid-lowering treatments). Follow-up and attrition data were recorded for each generation (Figure 1) .
To account for possible differential attrition between the 2 generations, cognitive and functional trajectories were analyzed in 2 separate joint models combining a longitudinal submodel for repeated measures of either cognitive scores or IADL disability and a survival submodel for attrition (28) . Analyzing raw cognitive scores can result in biased estimations, mostly due to ceiling and floor effects and curvilinearity (i.e., unequal interval scaling) (29) . Indeed, different scores on the same test may not have the same meaning regarding true cognitive function at different points on the scale. To correct for these issues, each longitudinal marker was first optimally transformed using a spline transformation in a separate model (30) . The transformed scores were then entered into the linear mixed submodel of the joint modeling approach. The baseline distribution of cognitive scores after transformation are presented in Web Figure 1 (available at https://academic.oup.com/aje). For the binary disability indicator built from the 4-IADLs, a logistic mixed submodel replaced the linear mixed submodel in the joint model. Attrition was defined as either dropout or death, whichever occurred first. The proportional hazards model for the risk of attrition was adjusted for generation, sex, age at baseline, and educational level. The linear mixed model assumed a linear trajectory with time with correlated individual random intercept and slope. Time was defined as the number of years since baseline (the 3-year and 13-year follow-ups for G1 and G2, respectively). A quadratic time trend was tested but not retained in the model, because it was systematically nonsignificant. The interaction between generation and sex was tested and data were analyzed globally, because this interaction was nonsignificant. For each outcome, we thus estimated 3 models. The first was systematically adjusted for generation (G2 vs. G1), age, and sex, and it included an interaction between generation and time (model 1). The simple effect of generation quantified the difference in the baseline scores at the 3-year and 13-year follow-ups for G1 and G2, respectively, whereas the interaction with time quantified the generation impact on the score change over the follow-up period. The models were then additionally adjusted for educational level and occupation (model 2) and for vascular factors (for which antihypertensive, antidiabetic, and lipidlowering drugs were proxies) and living alone (model 3). Interactions between time and adjustment factors were tested and added to the models when they were significant. It is important to mention that the effect sizes could not be interpreted according to the natural scale of the raw scores, and the normalized scales are not z-scores, although they were standardized as z-scores. The goodness of fit of each model was assessed using residual plots. In the sensitivity analysis, we defined attrition as death only (dropout was not considered).
Statistical analyses were performed with SAS statistical software, version 9.3 (SAS Institute, Inc., Cary, North Carolina) and R packages lcmm, version 1.7.5 (31), JM version 1.4-5 (32), and JMbayes, version 0.8-70 (R Foundation for Statistical Computing, Vienna, Austria) (33) . Web Appendix 1 provides the R code for analysis replication.
RESULTS
Study sample description
The sex distribution did not differ between the 2 generations (Table 1) . At baseline, G2 was slightly younger, had a higher educational level, had more intellectual occupations, and took more antihypertensive and lipid-lowering drugs than G1. The baseline scores on MMSE, BVRT, and DSST (for DSST, mean scores at the 5-year and 15-year follow-ups were assessed because scores were not available at the 3-year follow-up) were significantly higher for G2 than for G1. However, the proportion of disabled subjects at baseline did not differ between the 2 generations. The 12-year mortality rate was also lower in G2 than G1 (66.9% vs. 80.0%, respectively) ( Figure 1 ).
Cognitive and functional evolution between generations
Results of the joint model analysis for each psychometric test and disability are presented in Table 2 . Estimates are given in the transformed scales for the cognitive tests. Figure 2 displays the unadjusted predicted mean score trajectory, according to generation, on the transformed cognitive score scale and on the logit scale for disability.
For baseline cohort effects, model 1 indicated that G2 had higher scores on the 4 cognitive tests than G1. After adjusting for education and occupation (model 2), the impact of generation on the mean transformed scores at baseline was attenuated by 72.4% for MMSE, 81.5% for IST, and 55.4% for DSST, and was no longer significant. Additional adjustment in model 3 did not further modify the improvement in scores at baseline. In contrast, the association between generation and baseline performance remained significant for BVRT, although it was slightly attenuated (by 37.3% in model 2) after additional adjustments for education and occupation (model 2) and vascular factors (model 3).
For cognitive decline over time, the trajectories did not differ according to generation for MMSE and DSST (β = 0.01, 95% confidence interval (CI): −0.02, 0.04; and β = 0.002, 95% CI: −0.04, 0.04, respectively), whereas G2 had significantly lower decline rates than G1 on IST and BVRT scores (β = 0.03, 95% CI: 0.0008, 0.06; and β = 0.03, 95% CI: 0.001, 0.05, respectively). For IST and BVRT, the lower declines for G2 were not attenuated when adjusting for education, occupation, or vascular factors.
For the 4-IADL binary indicator, the baseline probability of disability did not differ significantly between the generations (odds ratio (OR) = 0.97, 95% CI: 0.76, 1.22) . This increase in disability over time was significantly slower for G2 than for G1 (OR = 0.92, 95% CI: 0.90, 0.93, in model 1), and the difference remained significant and was not attenuated after further adjustments in model 2 and 3 (OR = 0.93, 95% CI: 0.92, 0.94; and OR = 0.93, 95% CI: 0.91, 0.95, respectively). Results of the sensitivity analyses, considering only death and assuming that the dropout mechanism was random, did not differ from the main analysis (see Web Table 1 ). a Baseline time corresponds to the 3-year follow-up for the first generation and the 13-year follow-up for the second generation in the study. Because DSST scores at the 3-year follow-up were not available, we compared the DSST scores at 5 and 15 years.
b Differences in percentages and mean values were determined using a χ 2 test and Student t test, respectively.
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DISCUSSION
Our main findings in this study were improved performances in global cognitive functioning, verbal fluency, working memory, and processing speed between 2 generations of subjects aged 78-88 years and evaluated 10 years apart, as well as slower declines in verbal fluency and working memory over the followup period. For global cognition, verbal fluency, and processing speed, the improvement at baseline was mostly explained by increases in educational and occupational levels, although not for visual working memory. G2's slower cognitive decline in verbal fluency and working memory was not explained by education or occupation. Despite our hypothesis, antihypertensive, antidiabetes, and lipid-lowering treatments only slightly explained the relationship between generation and cognition. No improvement was found between generations in functional capacities in activities of daily living at baseline. However, G2 exhibited less pronounced progression toward disability over time, which was not explained by adjustment factors.
Supporting the decrease in dementia occurrence, cognitive performance showed a global improvement over the 10 years. Educational level was highly improved between G1 and G2 (31.4% of G1 had no diploma vs. 18.2% of G2) and this explained a large part of the differences in baseline score between the 2 generations, although this was not true for all cognitive h Model was adjusted for interaction between time and age. i Model 1 was adjusted for interaction between time and age and between time and sex; models 2 and 3 were additionally adjusted for time and education. j Model 1 was adjusted for interactions between time and age and between time and sex; model 2 was additionally adjusted for time and education; and model 3 was additionally adjusted for time and antidiabetic drug treatment. domains. Education is beneficial early in life, and this benefit may last until old age. Educational level was highly associated with the mean cognitive score at baseline but was not associated with the decline over time (except for DSST) (data not shown). This finding agrees with that of a review in which it was reported that education was highly associated with cognitive performance but did not moderate age-associated cognitive decline (34) . These findings are consistent with the Flynn effect, described as an improvement in intellectual quotient with improvements in education (35, 36) . Depending on the cognitive domains implicated in each test, it is reasonable that some tests are more influenced by educational level than others. However, although education influences BVRT scores (37) , it only partially explained the impact of generation found in our results. This suggests that other factors in addition to education may contribute to the improvement in cognitive level over time.
The improvement in cognitive levels between generations is in agreement with results from previous studies (12) (13) (14) (15) (16) (17) (18) (38) (39) (40) (41) . However, as mentioned, the results concerning cognitive decline are more conflicted. Studying secular trends in cognitive decline is challenging, and in several previous studies, researchers faced methodological limitations. Short follow-up durations were used in some of these studies (16) and/or there were large intervals between cognitive assessments (12, 15, 17) . In several studies, differential selection was encountered when comparing generations from different populations (15, 17) . An important strength of our study is that the 2 generations were from the same population-based prospective cohort, with up to 6 assessments of cognition and function every 2 to 3 years over 12 years of follow-up for each generation. Moreover, follow-up questionnaires were administered by trained neuropsychologists and managed by the same team over time. However, comparing 2 generations within the same cohort required us to restrict the age range of our study sample to 78-88 years at baseline, and results for younger subjects might be different. Investigating the impact of generation in younger populations may help elucidate the dynamic of cognitive improvement over the life course. However, elderly people experience more cognitive decline, and it is probably easier to examine differences between generations at more advanced ages than in younger populations.
Another common limitation of previous studies was their different attrition rates during follow-up, which may have biased the results and were often not taken into account using appropriate statistical methods (12, 14, 15, 17, 18) . Indeed, death rates evolved over time, and nondeath-related dropout may have also differed between compared samples. Lower attrition rates in younger generations could lead to an underestimation of the generation effect. A major strength of this work is that it used appropriate statistical models to account for attrition and avoid biases due to differential dropout or death rates between the 2 generations.
Moreover, interval scaling issues such as ceiling and floor effects of most cognitive scores were not addressed in most previous studies of cognitive differences between generations. In our work, normality and interval scaling problems were taken into account, which avoided the substantial bias highlighted when studying the decline over time in cognitive scores with an asymmetric distribution (29) .
Finally, because it is typical for cognitive aging data, practice effect can also influence cognitive trajectories and bias cohort effects in studies in which it is not accounted for (12, 15, 17) . Due to the study design of our sample, participants in G2 had undergone more cognitive testing (because they had more followup visits). Thus, we cannot fully exclude practice effect, which may have led to higher cognitive scores for G2. However, by deleting the first testing date, we avoided bias due to first-passing effect, which has been shown to be much larger than residual practice effect after the second visit (42, 43) .
No improvement in disability was found between generations. However, the trajectory of disability over time was better in G2, a result that was not explained by the adjustment factors. In contrast to this finding, a significant improvement in the level of functional abilities between cohorts has been reported in some studies (41, (44) (45) (46) . In contrast, Jagger et al. (47) found a nonsignificant trend toward an increase in disability between 5-year-interval cohorts, and Steiber (38) reported a decrease in physical health scores (lower physical performance) in subjects aged 50-90 years who were born 6 years apart. These differences between studies could be caused by the use of different methods for assessing functional status. Disability in IADL may have decreased, whereas disability in basic activities of daily living may have increased due to the longer survival of frailer people. In the present study, in which our objective was to evaluate the evolution of disability in relation to cognition, we focused on only the 4 instrumental activities with high cognitive demand. We did not find any improvement between the generations at baseline. However, our analysis of other instrumental activities (i.e., housekeeping, laundry, shopping, and cooking) revealed an improvement in cooking and shopping for women (data not shown). Another possible reason for the lack of improvement in IADL at baseline between the generations in our study could be because the abilities required to perform some activities may have evolved over time, with activities such as driving, using the telephone, or managing a budget requiring greater cognitive abilities than they did previously.
In general, members of younger generations have higher cognitive performance; thus, because of lower cognitive decline rates for some cognitive domains, those in younger generations may reach the clinical threshold for dementia later than older generations and experience delayed onset of dementia. These higher cognitive performances in some domains are partly explained by the higher level of education in younger generations. This is in line with results we have reported regarding the evolution of dementia incidence, in which we found that a decreased risk of dementia was partially explained by education (8) . However, more complicated processes seem to be involved in this decrease in dementia and improvement in cognition, and factors other than educational level have been implicated. In most previous studies evaluating cohort effects on cognition, education was the determinant most frequently taken into account. In the present study, we analyzed education and occupation, as well as vascular factors. However, without objective measures of vascular factors, drug use was used as a proxy, which could have underestimated the role of the actual vascular factors. Even if they are difficult to obtain, long-term or lifetime records of risk factors would be valuable for understanding improvement in cognition and disability. Although we could not provide evidence for these factors, individual factors such as vascular factors, behavioral habits, and environmental factors may still be implicated. Moreover, progression toward dementia is a long process, beginning several years before the onset of clinical dementia (48) ; understanding this process would require a lifelong evaluation of cognitive performance.
Our analyses indicate that initial cohort differences in cognitive performance are maintained throughout aging and are exacerbated by advancing age for only some cognitive domains. Thus, improvements in basic cognitive states are associated with smaller declines in verbal fluency and working memory in old age, which may explain the possible decrease in the incidence of dementia. However, the real link between cognition and function still needs to be investigated.
